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AMENDMENTS TO TH g SPECIFICATIfiM 

Please replace paragraphs {0004], 10012], [0013]. [0017]. [0018], [0022]-[0O24], [0027] 
and [0028] with the following amended paragraphs: 

[0004] Themiaf epoxy has heat transfer limitations that impede efficient 

heat transfer from the die. Although solder has better heat transfer properties than 
themial epoxy, it requires metallization, such the deposition of metal as a thin layer 
of gold, on the back side of the die, as indicated by layers 150 in Fig. IB. In 
addition, in both the thermal epoxy alternative and the solder alternative, heat is 
transferred from the pacl^age essentially through n layor of diGlootric a& the 
processor substrate, such as silicon. However, silicon is a poor thermal conductor, 
typifally having a thermal conductivity of 148 W/mfl<. DIsadvantageously, the heat 
spreader in both of the attachmfint schemes described above requires a heat 
spreader to be attached to the die with a relatively large amount of silicon, fbr 
example, a silicon layer having a thickness between about 5 to about 200 microns, 
disposed between the heat spreader and the circuit generating the heat. 


[0012] Fig. 5 is a schematic view similar to Fig. 2 showing a silicon layer 

as having been disposed on the layer of copper of Fig. 4 to provWe a dielectric- 
themriai conductor sandwich, according to an embodiment of the present invention; 

[00131 Fig. 6 is a schematic view similar to Fig. 2 showing an intemiedlate 

die built up according to any one of .-standard manufacturing processes and 
Incorporating the dielectric-thermal conductor sandwich shown in Fig. 5 according 
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to an embodiment of the present invention; 

[0001 7] Embodiments of the present invention contemplate the tndusion of 
a themially conductive material, such as copper, in an inner region of a 
microelectronio die for effecting heat dissipation from the Inner region of the die 
through the thermally conductiv© matorial and away from the die. By 
"microelectronic die," what is meant is a mtcroetectronic package including a 
microelectronic circuit, such as a microprocessor. As is well known, 
microelectronic €Kes di^ generate heat when being operated. The thermally 
conductive material in the inner region of the die draws the heat away from the 
microelectronic circuit, according to embodiments of the present invention. The 
themially conductive material may comprise a copper layer, but any other suitable 
thermal conductor can be used, as recognized by one skilled in the art. The heat 
dfssipaliuri would take place through the copper layer and through thermal contact 
zones comprising copper connections to a heat spreader attachment mechanism. 
The efficiency of the heat transfer proceee from a die packaged according to 
embodiments of the present invention is increased relative to dies packaged 
according to the prior art. Embodiments of the present invention use a thennally 
conductive material, such as copper, to draw heat from the inner region of the die 
and to transfer it away from the die, such as to a heat spreader, thus improving the 
overall heat transfer characteristics of the package. The heat transfer from the 
Inner region of the die to the heat spreader may be effected through thennal 
contact zones that include copper filled thermal vias, and thereafter may be 
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effected through solder, to a heat spreader. Embodiments of the present invention 
advantageously allow higher processor speeds by improving heat dissipation from 
microelectronic dies. By way of example, where copper is used as the thermally 
conductive material in the inner region of the die, there would be approximately a 
threefold increase in the heat dissipation from the die with respect to dies relying 
solely on a dr o loctrio the wafer matarial. such as silicon for the dissipation of heal. 


[0018] Turning now to the drawings. Figs. 2-7 depict various stages of the 

packaging of a microelectronic die according to one embodiment of the present 
invention. Referring more particulariy to Fig. 2, a method according to one 
embodiment of the present invention Involves starting from a bare dieleetrie wafer 
or substrate, such as a bare silicon wafer, and etching vias into the wafer, for 
example using laser beams, as depicted schematically by beams 10. The laser 
beams 10 create viaa 14 in the wafer, resulting in the Initial die substrate shown in 
Fig. 2. It Is to be noted that embodiment© of the present invention include within 
their scope use of any other suitable dieleetHe material besides silicon, and of any 
other suitable methods of providing vias in silicon, as readily recognizable by one 
skilled in the art 

10022] Refen-ing now to Fig. 5, a schematic view is provided showing a 

sllteon layer 20 as having been disposed on the layer of copper 18 of Fig. 4 to 
provide a dielectric-thermal conductor "sandwich" 22 according to one embodiment 
of the present Invention. The dielectrtc layer 20 mav Include any dielectric mai;^f 
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a$ would be within the knowl^rlae of one skiliPrt i n the art s..rh :.s. for example 
polY-silipon. By "4leteetHe.thermal conductor sandwich.- what is meant in the 
context of embodlnnents of the present invention Is that a theimal conductor, such 
copper, is disposed between two ^jeteetrte-layerB. such as, as in the case of the 
embodiment shown in Figs 4 and 5, the layer of copper 18 sandwiched between 
the silicon layer 12 and the EQlStsilicon layer 20. the fioUtailicon layer 20 may 
comprioo poly o i l i con, hav i ng have a sufficient thickness to allow conventional 
semi-conductor device pattern base layer and build up based on application needs. 
The fiobtsllicon layer 20 may, for example, measure between about 50 Angstroms 
to about 1 micron in thickness. 

[0023] Referring next to Fig. 6, a schematic view is provided of an 

intermediate die 24 built up according to any one of standard manufacturing 
processes and incorporating the diet e ctrio t hennal conductor sandwich 22 shown 
In Fig. 5. The intermediate die 24 incorporates standard build up layers 2e. The 
build up layers 26 may comprise any number of iayers including signal and 
dielectric layers for providing a microelectronic circuit such as a microprocessor, as 
readily recognized by one skilled in the art. The buiWing up of layers 26 takes 
place, according to embodiments of the present invention, upon a thermally 
conductive microelectronic die substrate, such as the di el e ctr i o t hennal conductor 
sandwich shown in Fig. 5. By "thermally conductive microelectronic die substrate," 
what is meant in the context of embodiments of the present invention is a die 
substrate, such as a silicon wafer, on which a thennally conductive material is 
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provided that allows the formation of themial contact zones as shown by zones 28 
in Fig. (, According to the above definition, the substrate and layer of copper 
combination shown In Fig. 4 is also a thermally conductive microelectronic die 
substrate. 

[00241 As seen in Fig. 7. according to one embodiment of the present 

invention, the Intemiedlate die 24 of Fig. 6 is etched, prior to dicing for standard 
packaging, for exposing thermal contact zones 28 at the etched face of the die for 
providing a die 27. In the embodiment shown in Fig. 7, the thermal contact zones 
28 comprise exposed parts of the copper layer 12 disposed in vias 14. The 
themial contact zones allow a dissipation of heat from an inner region 30 of the die 
27 away from the die. The etching may be effected using conventional 
atmospheric downstream plasma etching technology, although it is to be 
understood that other conventional methods may be used, as readily recognizable 
by one skilled in the art As is well known, plasma etching is a process that utilizes 
an electrically excited gas to remove material from a device or unit. Selective 
plasma etching refers to a process that removes only specific materials, such as. in 
the case of the present Invention as depicted in Figs. 2-9, removing only the sHigfiQ 
d i elootrio layer and not the layer of thermally conductive material. 

10027] As best seen In Fig. 9, the die package according to embodiments 

of the present invention allows for the placement of a plane of themially conductive 
mateiial. such as copper, very dose, such as within a distance from about 1 


PA(£8l2rRCVDATS/16/200S11:30:30PM[East6m Daylight rDne]'SVR:USPTO{^^^^ 


05/16/2085 23:32 7037590243 . GHAFOURI 


PAGE 09 


Attorney Docket No.: P12659 

micron to 2 microns, to the circuitry generating heat, sucii as circuit board 34. 
There is thus only a very thin silicon interface 20 through which heat must be 
conducted before it reaches the copper plane and Is dissipated through the vias. 
The reduction of thermally isolating dielectric matenal between the circuitry and the 
heat spnsariftr. and. in addition, the use of a direct thennal connection to the inner 
region of the die both work to improve heat dissipation away from the die. 

[0028] Embodiments of the present invention are not limited to the use of 

solder as a thermal interface material 38. Embodiments of the present invention 
further Include within their scope the use of other themial Interface materials, such 
as. for example, organic thermal epoxy. While heat dissipation for a die package 
using organic thermal epoxy as the thermal interface material will be less than that 
for solder, the die package as a whole will exhibit a significant Improvement in heat 
dissipation as compared with the use of tderriial epoxy In die packages made 
according to prior art method s, whoro therma l o poxy is p tecod on a l oyor of oilicon . 
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